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bstract
The aim of this study was to determine bacterial contamination in 28 refrigerated and unrefrigerated, commercial and home-made
ood items in Al Madinah Al Munawarah, Saudi Arabia. Of the 60 bacterial strains isolated, 53 were recovered from food samples
efrigerated for 7 days and 7 from fresh, unrefrigerated food. The isolated bacteria were screened for lecithinase enzyme (toxin)
roduction by the cup plate clearing zone technique. All isolates were positive on the basis of their ability to grow aerobically
n egg yolk agar, giving black colonies as a characteristic feature of lecithinase production and opaque zones with diameters of
–27 mm. Isolates were categorized into low, moderate and high lecithinase producers. Potent lecithinase-producing strains isolated
rom refrigerated green pepper (PS1) and lettuce (LS1) had a remarkably large zone measuring 27 ±  1.9 mm. All isolates also had
dditional toxic properties, including caseinase and haemolytic activities. Genotypic characterization by amplified ribosomal DNA
estriction analysis showed that strains PS1 and LS1 were from same genus. Phenotypic characterization with biochemical tests
nd the Phoenix identification system suggested their affiliation to the Bacillus  group. 16S rDNA sequence analysis of both strains
howed them to be Bacillus  cereus, with 99% sequence similarity to B.  cereus  strain J8B-67.
 2014 Taibah University. Production and hosting by Elsevier B.V. All rights reserved.eywords: Food contamination; Bacteria; Lecithinase; B. cereus
.  Introduction
Raw and cooked foods have been reported in var-
ous countries to be rich media for contamination by
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Food samples can easily be contaminated by spoilage
and toxic bacteria, rendering them unsafe for consump-
tion [1]. Bacterial contamination of raw vegetables and
fruits can occur in the field or during post-harvest treat-
ment, while cooked food can be contaminated during
moderate heat treatment, inadequate refrigeration or
poor hygiene during processing, with the production of
toxins [2,3]. Toxin production by foodborne bacteria has
raised public concern because of direct and associated
food poisoning.
Of all the foodborne bacteria, Bacillus  cereus  is the
most widely distributed. Some  B.  cereus  strains cause
severe local and systemic human infections, posing a
public health problem [4]. The pathogenesis and vir-
ulence of B.  cereus  varies according to strain, some
being regarded as lethal or highly toxic [5]. Although
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gastroenteritis caused by B.  cereus  is generally con-
sidered to be mild, fatal bloody diarrhoea and emetic
poisoning have been reported [6], and the emetic
toxin has been detected in B.  cereus-contaminated food
products such as milk, rice and pasta [4]. Molecular
and genetic characterization of B.  cereus  strains have
revealed the presence of genes encoding at least one of
the known diarrhoeal toxins [7]. In the gastrointestinal
tract, vegetative cells ingested as viable cells or spores
produce and secrete a protein enterotoxin and induce
a diarrhoeal syndrome. Tissue-destructive haemolysins
are known to be produced by pathogenic intestinal and
non-intestinal strains of B.  cereus, including phospholi-
pase, an emesis-inducing toxin, and the pore-forming
enterotoxins haemolysin BL, non-haemolytic entero-
toxin and cytotoxin K [5,8,9].
Some of the most important contaminants involved in
food toxicity are lecithinase, caseinase and haemolysin
activity. Lecithinase (phospholipolytic) activity is there-
fore used as an indicator of food toxicity. B.  cereus,
B. mycoides  and B.  thuringiensis  have all been char-
acterized as lecithinase producers [10]. Lecithinase
hydrolyses lecithin on egg yolk agar plates [11], resulting
in an opaque zone [12,13]. Phospholipase C (lecithinase
C) hydrolases ester bonds, and phosphoric monoester
hydrolase (EC 3.1.4.3) hydrolases the link between glyc-
erol and phosphate in lecithin. The bacterial enzyme is a
zinc protein [14]. The phospholipid lecithin is one of
the main components of cell membranes and can be
degraded by lecithinase to produce diglyceride and phos-
phorylcholine, hence causing toxicity [15]. Lecithinase
can damage reproductive tract tissues [16] and cause
haemolysis [17] and membrane disruption leading to cell
lysis [18].
Relatively few microbial toxins have been definitely
implicated in disease, and the modes of action have been
identified for even fewer of these toxins [19]. There-
fore, effective monitoring of bacterial contamination and
detection methods is necessary to identify the organisms
in processed foods, ingredients and the processing envi-
ronment. The goal of the present study was to isolate
lecithinase-producing bacteria from some commercial
and homemade food samples and to characterize and
evaluate their toxic properties, including haemolytic and
caseinase activities.
2.  Materials  and  methods2.1.  Food  samples
Twenty-eight samples of commercial and home-made
foods were collected in Al Madinah Al Munawarah,rsity for Science 8 (2014) 207–215
Saudi Arabia. The home-made, refrigerated food sam-
ples included cooked food (green vegetables, potatoes,
beans and rice) and freshly purchased vegetables
(cucumber, turnip, lettuce and green pepper), while
the commercial foods were rocket, yoghurt, frozen
meat, processed milled salad, sandwiches, Romano
cheese, white cheese, sardines and luncheon meat. The
unrefrigerated food samples included fresh vegetables
(aubergine, carrot, tomato, cucumber and green pepper)
and commercial food samples (raw goat milk, raw meat
and yoghurt). All food samples were transported in ster-
ile plastic boxes.
2.2.  Isolation  of  lecithinase-producing  bacteria
The culture medium used was made up of egg-yolk
agar [3] with egg-yolk tellurite emulsion (BBL, USA)
replacing the egg yolk powder at a concentration of
20 ml/L; NaCl, 5 g/L; and agar, 20 g/L. The pH was
adjusted to 7.8, and the medium was sterilized at 121 ◦C
for 15 min. To isolate bacteria, 10 g of each food sample
were placed in flasks containing 100 ml sterile distilled
water, shaken for 10 min and then filtered through a
Whatman no. 1 filter. Then, 1 ml of each filtrate was
spread aseptically on egg-yolk agar plates in triplicate
and incubated aerobically for 24 h at 37 ◦C. Bacterial
colonies were counted, purified and characterized [11],
preserved on nutrient agar medium (HIMEDIA, India)
and stored at 6 ◦C.
2.3.  Screening  for  toxicity
2.3.1.  Lecithinase  activity
Lecithinase production was tested on a modified
medium according to Oladipo et al. [20], in which 10%
corn millet replaced the ogi  in the original broth. Lecithi-
nase was detected according to the method described by
Nandy et al. [21], in which 1 ml of each bacterial iso-
late at a cell density of 6 ×  108 CFU/ml was inoculated
into test tubes containing corn millet broth and incubated
for 24 h at 37 ◦C. After incubation, the cultures were cen-
trifuged at 2500 rpm for 15 min (MPW-350R High Speed
Brushless centrifuge) to obtain a cell-free filtrate, and
100 l of the filtrate were transferred into 10-mm wells
made centrally in the egg-yolk agar plates and incubated
for 24 h at 37 ◦C. Opaque zones were measured as indica-
tors of lecithinase production, and the means were used
as a criterion of lecithinase activity.2.3.2. Caseinase  activity
Caseinase was identified according to the method of
Gudmudsdo [22]. The isolated bacteria were streaked
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nto milk agar plates [23] and incubated for 24 h at
7 ◦C. A transparent zone around the colonies indicated
aseinase activity.
.3.3.  Haemolytic  activity
Bacterial isolates were streaked onto blood agar plates
LabLine), and haemolysis was monitored after incuba-
ion at 37 ◦C for 24 h.
.4.  Identiﬁcation  of  potent  lecithinase  producers
.4.1.  Preliminary  characterization
Potent lecithinase-producing bacteria were char-
cterized morphologically after Gram staining and
dentified preliminarily according to the schemes rec-
mmended in Bergey’s manual [24]. The tests used
or phenotypic characterization included Gram reaction,
ndospore formation, catalase test, starch hydrolysis,
oges–Proskauer test and motility test. The identity of
he isolates was further investigated with the Phoenix
dentification system according to the instruction man-
al. Briefly, Gram-positive isolates were sub-cultured on
rypticase soy agar with 5% sheep blood and Columbia
lood agar with 5% sheep blood, while Gram-negative
solates were sub-cultured on trypticase soy agar with
% sheep blood and MacConkey agar. Phoenix test
anels were inoculated with a cell density of about
.5 ×  108 CFU/ml in buffered saline and incubated.
inetic measurements of colorimetric and fluorescent
ignals were collected every 20 min and normalized.
.4.2.  16S  rDNA  sequencing  and  phylogenetic
nalysis
DNA extraction was performed according to Ausubel
t al. [25]. PCR amplification of 16S-rRNA genes was
one according to Arturo et al. [10]. PCR was per-
ormed with Premix Taq (Ex Taq Version, Takara,
apan). The primers used to amplify the full-length 16S
RNA gene from the bacterial isolates were 16S-1F (5′-
GAGTTTGATCCTGGCTCAG-3′) and 16S-1500R
5′-ACGGCTACCTTGTTACGACT-3′). The PCR mix-
ure consisted of 25 l platinum supermix (Invitrogen,
SA), 1 l (10 mol/L of each primer) and 1 l of
NA extract, adjusted to 50 l with distilled water. PCR
as performed in a MyCycler thermal cycler (Applied
iosystems 2720, USA). The PCR conditions were
djusted to 5 min for initial denaturation at 94 ◦C and
◦ ◦hen 30 cycles of 1 min at 94 C, 1 min at 54 C, 1 min
t 72 ◦C and finally 10 min at 72 ◦C. Amplified genes
ere electrophoresed out on 1% agarose gel with a size
arker (ladder 100, Wako, Japan).rsity for Science 8 (2014) 207–215 209
Nucleotide sequence analysis was conducted by
an automated fluorescent dye terminator sequencing
method developed by Sanger et al. [26], in a model ABI
310 genetic sequence analyser (Applied Biosystems,
USA) according to the user’s manual. The sequences
were analyzed and identified with the BLAST search
programme [27]. Sequence alignments were performed
with Clustal W1.83 XP software, and phylogenetic trees
were constructed with the neighbour-joining method
[28] in MEGA3 software.
2.4.3.  Ampliﬁed  ribosomal  DNA  restriction  analysis
For this analysis, 20 l of each 16S rDNA ampli-
con were digested for 3 h at 37 ◦C with 2.5 U HaeIII
(Fermentas, Vilnius, Lithuania). The DNA restriction
fragments were electrophoresed in 3% agarose gel con-
taining ethidium bromide (50 ng/ml). The gels were
photographed, and the fingerprints were compared
visually.
3.  Results
3.1.  Isolation  of  lecithinase-producing  bacteria
Sixty bacterial isolates were obtained from the
food samples, including both Gram-positive and
Gram-negative species, with Gram-positive strains pre-
dominating. Of these, 53 bacterial strains were isolated
from food samples refrigerated for 7 days and 7 from
fresh, unrefrigerated food samples. None of the isolates
was negative for toxin production, and all were regarded
as lecithinase producers, as confirmed by black colonies.
Remarkably, no bacterial colonies were isolated from
fresh aubergine, carrot or tomato. The bacterial colonies
obtained were round, with complete edges, and were
black, a presumptive indication of lecithinase produc-
tion (Fig. 1). The morphology of the isolates varied
from cocci (single, paired or in tetrads) to bacilli (spore-
forming and non-spore forming rods or rods in chains)
(Table 1). All the isolates were Gram-positive, except
strains MZ2 isolated from frozen meat and NM1 and
NM3 isolated from uncooked meat, which were Gram-
negative.
3.2.  Toxicity
The isolates varied in their potential to produce
lecithinase (Table 1): 25 strains were considered low pro-
ducers, the diameter of the opaque zone being 4–10 mm;
23 were considered moderate producers, with zones
measuring 11–15 mm; and five strains were consid-
ered high lecithinase producers, with zones measuring
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dia. (A)
 agar plFig. 1. Representative bacterial isolates grown on different culture me
strate the ability to produce lecithinase. (B) Caseinase activity on milk
activity on blood agar plate.
18–24 mm. Two strains designated PS1 and LS1 were the
most potent lecithinase producers, with opaque zones of
27 ±  1.9 mm. The smallest zone measured 3 ±  1.0 mm.
The bacterial isolates were also screened for caseinase
activity on milk agar plates and haemolytic activity on
blood agar plates (Table 1). All the isolates showed
caseinase activity (data not shown) and haemolytic activ-
ity to varying degrees: nine isolates were -haemolytic,
and the remainder were -haemolytic (Fig. 1).
3.3.  Identiﬁcation  and  phylogenetic  afﬁliation  of
potent lecithinase  producers
The most potent lecithinase-producing strains, LS1
and PS1, were isolated from refrigerated lettuce and
green pepper, respectively. Both strains were Gram-
positive spore formers with a central position and
were -haemolytic (Table 1), catalase-positive, pro-
duced acetyl methylcarbinol and were motile (data
not shown). These characteristics suggested that they
belonged to the Bacillus  group. Both strains grew on
a selective B.  cereus  medium, giving characteristic pink
colonies, confirming them as B.  cereus. Further char-
acterization of the two strains by the Phoenix system
revealed 99% identity with B.  cereus.
For more accurate identification of the isolated
strains, we used 16S rDNA sequencing. First, both Black colonies with opaque zones on egg-yolk agar medium demon-
ate. (C) -Haemolytic activity on blood agar plate. (D) -Haemolytic
strains were subjected to amplified ribosomal DNA
restriction analysis for genotypic differentiation. Ampli-
fication of 16S rDNA followed by amplified ribosomal
DNA restriction analysis showed identical restriction
patterns with HaeIII  (Fig. 2), indicating that the two
strains belonged to same species.
Dye terminator-based unidirectional sequencing for
16S rDNA of both strains was performed with PCR-
amplified segments covering the V3 region of 16S rRNA
genes with 1F-16S primer. Alignments of the obtained
sequences with BLAST search tools confirmed the iden-
tity of the two strains as members of B.  cereus. Both
strains had a sequence similarity of 99% to B.  cereus
strain J8B-67.
Phylogenetic studies confirmed the affiliation of the
two strains to the same species, and they clustered into
one group with B.  cereus  and B.  subtilis  strains; however,
their closer relation to B. cereus  led to their classification
as members of that species. Fig. 3 shows the phyloge-
netic tree based on 16S rDNA sequence analysis with
the relation between LS1 and PS1 strains, representative
species and other related genera.4.  Discussion
Most of the food samples tested in this study were
not sterile and were loaded with lecithinase-producing
E.F. Sharaf et al. / Journal of Taibah University for Science 8 (2014) 207–215 211
Table 1
Phenotypic characteristics and toxigenic properties of isolated strains from refrigerated and unrefrigerated food samples.
Food sample Strain code Characteristics Toxic properties
Cell shape Gram reaction Spores Lecithinase production
(opaque zone, mm)
Haemolytic activity
Refrigerated samples
Cucumber CS1 Tetrads + – 10 ± 0.0 
CS2 Cocci + – 10 ± 0.0 
CS3 Cocci + – 11 ± 0.0 
CS4 Cocci + – 10 ± 0.0 
CS5 Cocci + – 10 ± 0.0 
CS6 Cocci + – 10 ± 0.0 
CS7 Diplococci + – 9 ± 1.0 
Green pepper PS1 Streptobacilli + + 27 ± 1.9 
PS2 Tetrads + – 15 ± 1.0 
PS3 Cocci + – 13 ± 0.0 
Turnip TS1 Short rods + – 10 ± 0.0 
TS2 Cocci + – 10 ± 0.0 
TS3 Cocci + – 10 ± 0.0 
Milled salad MS1 Cocci + – 13 ± 0.0 
Sandwich 2 S1 ′ Cocci + – 11 ± 0.0 
S2 ′ Cocci + – 13 ± 0.0 
Cooked rice (1) CR1 Bacilli + – 14 ± 0.0 
Cooked rice (2) CR‘1 Cocci + – 24 ± 0.0 
CR2 Cocci + – 10 ± 0.0 
CR3 Cocci + – 18 ± 0.0 
CR4 Cocci + – 13 ± 0.0 
CR5 Diplococci + – 10 ± 0.0 
Cooked vegetables CV1 Cocci + – 15 ± 0.5 
Yoghurt Y1 Cocci + – 11 ± 0.0 
Frozen meat MZ1 Tetrads + – 10 ± 0.0 
MZ2 Bacilli – – 10 ± 1.0 
Sardine SN1 Cocci + – 15 ± 0.0 
Sandwich 1 S1 Cocci + – 7 ± 0.0 
Cooked potato CP1 Cocci + – 20 ± 1.0 
Rocket RS1 Bacilli + – 10 ± 0.0 
RS2 Tetrads + – 14 ± 0.0 
RS3 Cocci + – 13 ± 0.0 
RS4 Cocci + – 11 ± 0.0 
RS5 Cocci + – 14 ± 0.5 
RS6 Cocci + – 13 ± 0.0 
RS7 Diplococci + – 10 ± 0.0 
Lettuce LS1 Streptobacilli + + 27 ± 1.9 
LS2 Tetrads + – 20 ± 0.0 +
LS3 Tetrads + – 20 ± 0.0 
LS4 Cocci + – 10 ± 0.0 
LS5 Cocci + – 10 ± 0.0 
LS6 Cocci + – 10 ± 0.0 
LS7 Diplococci + – 10 ± 1.0 
Romano cheese RC1 Diplococci + – 10 ± 0.0 
RC2 Cocci + 
RC3 Cocci + – 14 ± 0.0 
– 10 ± 0.0 
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Table 1 (Continued)
Food sample Strain code Characteristics Toxic properties
Cell shape Gram reaction Spores Lecithinase production
(opaque zone, mm)
Haemolytic activity
Cooked beans CB1 Cocci + – 13 ± 0.0 
CB2 Cocci + – 15 ± 0.0 
CB3 Cocci + – 18 ± 0.0 
CB4 Cocci + – 12 ± 0.0 
Unrefrigerated samples
Fresh cucumber CF1 Tetrads + – 12 ± 0.0 
CF2 Tetrads + – 9 ± 1.0 
Raw goat milk RM1 Diplococci + – 3 ± 1.0 
Uncooked meat NM1 Bacilli – – 10 ± 0.0 
NM2 Tetrads + – 14 ± 0.0 
NM3 Bacilli – 
NM4 Tetrads + 
bacteria. Oladipo et al. [20] reported that 13 of 16
bacterial isolates obtained from different food sam-
ples, including B.  congulans, B.  polymyxa,  B.  subtilis,
Klebsiella aerogenes  and Enterobacter  aerogenes, were
positive for lecithinase production.The 60 bacterial isolates recovered from the food
samples appeared as black colonies with opaque zones
on egg-yolk agar medium. The opaque zone might be
Fig. 2. Amplified ribosomal DNA restriction analysis banding profiles
of strains PS1 and LS1 obtained after restriction digestion of amplified
16S rDNA with HaeIII.– 15 ± 0.0 
– 10 ± 0.0 
due to the fact that the egg yolk tellurite emulsion used
is a lipoprotein basically composed of lecithin, and
lecithinase breaks down lecithin to produce an insol-
uble precipitate, resulting in opaque zones around the
colonies. It was shown previously that the occurrence
of a zone of turbidity around colonies in egg-yolk agar
medium is due to the release of fats through lecithinase
activity [29]. Tallent et al. [30] and Guinebretiere et al.
[31] mentioned that colonies of bacteria that produce
lecithinase are surrounded by a precipitation zone. In
our study, the black colour of the isolated colonies was
due to reduction of the potassium tellurite in the egg yolk
medium to metallic tellurium, which accumulated in the
cells, forming black colonies [32].
The toxic effect of lecithinase relies on the fact that
the enzyme usually acts on cell membranes, either perfo-
rating them, resulting in cell lysis, or by breaking down
the phospholipids [32]. Shetty et al. [33] reported that
lecithinase causes lysis of red blood cells, myocytes,
fibroblasts platelets, and leukocytes.
In the current study, all the isolated lecithinase-
producing bacteria also had other toxic properties,
including caseinase and - or -haemolytic activity. In
this regard, Awny et al. [1] reported that haemolysin,
lecithinase and caseinase produced by B.  cereus  and
Staphylococcus aureus  isolated from some food sam-
ples were virulence factors of these toxic bacteria.
-Haemolysis has been documented as one of the vir-
ulence factors of B.  cereus  strains [34]. In the present
study, the most potent lecithinase producers, isolates LS1
and PS1, obtained from refrigerated lettuce and green
pepper, respectively, were Gram-positive, spore form-
ers, motile and produced acetyl methylcarbinol. These
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Bacill us subtil is BY -3
Bacill us subtil is A-12
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Bacillus cereus J8B-67
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Fig. 3. 16S rDNA phylogenetic tree based on neighbour-joining method, showing the phylogenetic relations between strains PS1 and LS1 and
reference strains from the GenBank database. The bar represents 0.01 substitutions per site, bootstrap values (n = 1000) are displayed. The reference
strains used to construct the tree were B. cereus strain J8B-67 (HQ238665), Bacillus spp. strain BAB-3410 (KF917141), B. subtilis strain BY-3
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TKC961634), B. subtilis strain A-12 (KF273870), B. subtilis strain JM
KF055372), B. cereus strain D23 (DQ923480), B. mycoides strain D
train Bactisubtil (AJ277908). 16S rRNA gene sequence for Lactobac
ttributes indicate that the two isolates belonged to B.
ereus [12], and this identification was supported by
he appearance of pink colonies on B.  cereus-selective
edium [35] and by Phoenix identification at 99% con-
dence. Oh [36] and Kashid and Ghosh [3] reported that
he major features of B.  cereus  on plating media include
aseinase, haemolytic and lecithinase activity.
Molecular approaches are powerful tools for micro-
ial identification. Amplified ribosomal DNA restriction
nalysis and nucleotide sequencing of 16S-rDNA were
sed to identify the potent lecithinase-producing strains
S1 and PS1 and to determine their phylogenetic affilia-
ion as members of B.  cereus  [37]. Identification of these
trains as B. cereus  raises concern because of the fact
hat these species are mainly responsible for diarrhoeal
gastroenteritis) and emetic (vomiting) food poisoning.
. cereus  diarrhoeal toxin is mainly associated with
ating fish, meat, desserts, pasta, cheese and dairy prod-
cts, while the emetic form is typically associated with
ontaminated rice products. In this study, isolates LS1
nd PS1, the most potent lecithinase producers, were
btained from lettuce and green pepper kept in the refrig-
rator, indicating that refrigerating food for long periods
ay expose them to contamination with toxic bacteria.
he presence of such bacterial strains in food may have28013), B. cereus strain LCB46 (FJ867921), B. cereus strain YN0303
4 (JX548924), B. thuringiensis strain JN130 (KF687059), B. cereus
sei ATCC 334 (KC429784) was used for outgrouping.
implications for other forms of infection. Exoenzyme-
producing B.  cereus  is centrally situated between B.
anthracis and C.  perfringens  and could therefore be
implicated in non-gastrointestinal infections, such as
anthrax-like pulmonary infections and gas gangrene-like
cutaneous infections [4].
Many reports have indicated that complete prevention
of food poisoning by B.  cereus  is not possible, and com-
pletely sterile foods do not exist; however, food safety
precautions, including proper cooking and storage, can
reduce the risk for infection.
5.  Conclusion
One of the major concerns in food microbiology
is microbial contamination and the production of tox-
ins, especially from strains that remain functional even
after prolonged refrigeration. We screened a variety
of refrigerated and unrefrigerated food samples and
demonstrated the presence of functional bacterial strains
producing lecithinase to various degrees. Phenotypic and
genotypic identification showed B.  cereus  as a lecithi-
nase producer. These results underline the possibility
of human risk and give clear warning of the presence
of these bacteria in food. Consequently, we recommend
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more sanitary handling, better cleaning and proper stor-
age of food to avoid such risks.
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